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(54) Protein involved in regenerating luciferin 

(57) A protein liaving the ability to regenerate luci- 
ferin by acting on oxyluciferin and D-cysteine. By adding 



this protein to a luciferin/luciferase reaction system, the 
luminescence can persist and the amount of luciferase 
and luciferin used can be reduced. 
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Description 



purified tfie protein. 

That is the present invention provides the following inventions. 

tographic step. ,o^ <.,h»r«,n thP livina bodv capable of luminescence is a Coleoptera. 

(3) The prote,n according to 2 where n the v g body cap ^ 

(4) The protein according to 2 , where n the ving y P , ^orth American firefly. 

Hereinafter, the present invention '^^^''"'^^'I'^.^^TLd For example mention may be made of the following 
To produce the present protein, any method may be used For example, menuo y 

, limited ,n<5ofar as it contains the present protein. Examples of such sources 

The source of the present protein is not ''-^'^^^f ^g^^.g^ts from fireflies, and recombinants 
Include Coleoptera such as fireflies, commercially available crude enzyme extracts irom 
nrrvriiicpd bv use of qenetic recombination means . 

'^""^hS, such sources containing the present protein are ^'^^^l^^^^^^^^^^ .uffer, 
The buffer is not limited unless the present protein is inactivated in it. Examples are Tris buner, pno p 

'''lor'drstrucllon.tmortar and mortar rod, a homogenizer a Warning blender, a French press etc. may be used. 
For Vzing, treatment with lysozyme etc. may be used. disrupted lyzed or solubilized materials 

Then, a crude enzyme solution is obtained by -'^'^'^^^^^irprdrmty be ob.Ied from the crude enzyme 

. suitabLdoptionofthefol,owingtechniguesgelfi«rat«^^^^ 

method using ion exchangers, electrophoresis using P^'V^'^^'^^^'f^^^^el^^^^ separation based on a difference in 
droxyapatrte, sedimentation such as sucrose ^^r^^^'.tT^^^^^^^^ 

isoelectric point, anini^ chr^^^^^^^^^^^^^^ ability to regenerate lucferin by acting on 

The effect of the present invention is as loiiow p invention and by adding this protein to a luciferin/ 

Examples 

Hereinafter, the present invention is described in more detail by reference to Examples. 
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Example 1 



4 g „re,ly lantern ex.rac, (SIGMA) was d,ssolved ,n 200 ml buffer A (pH 7.0), i.e. mM .ris(hydrox^^^^^^^^^ 
nomethane-hydrochloricac,d(Tns-HCl) buffer containing 1 GO mMsodiunnchlonde, 1 mM d,th,othre,tor 1 nnMdisodiurr 



ethylenodiaminetetraacetate, and 10 % (W/V) glycerol, , thP nrpcoitates oc- 

The solution thus obtained was precipitated with an^monium sulfate ,n a usual manner and the precipitates oc 
curring between 40 to 60 % saturation with ammonium sulfate were dissolved in 20 ml buffer A 

Then, this solution was subjected to gel filtration chromatography by passing it through a column of Ultrogel AcA34 

flBFI oreviousiv equilibrated with buffer A to give an active fraction 

* ThL fraction thus obtained was dialyzod against buffer B (pH 6.5), i e 5 J^^^'^^^ ^^r^ ' "^"^ 
dithiothreitoi 1 mM disodium ethylenediaminetetraacetate, 5 % (W/V) glycerol, and 1 mM sodium chloride. 

The resiling solution was adsorbed onto a column of S-Sepharose FF (Pharmacia Biotech) previously equilibrated 
with buffer B, and the protein was eluted in a linear gradient of 1 -100 mM NaCl to give an active fraction 

The active fraction thus obtained was dialyzed against buffer C (a solution at pH 8 0 with --^-^^^^^^^^ 
as buffer B). then adsorbed onto an ion-exchange HPLC column (TSK gel Super Q-5PW, available ^osoh ^o. 
poration) previously equilibrated with buffer C, and the protein was eluted in a linear gradient of 1-100 mM NaCI to 
'"%Te'alVlS"n thus obtained could be successfully purified by passing it through a gel filtration HPLC column 
(TSK gel G3000SWXL, available from Tosoh Corporation) previously equilibrated with buffer A^ 

The fraction after this gel filtration was analyzed by SDS-PAGE (Laemmli, U K Nature, 22L 680, (1 970)) The 
result indicated that the molecular weight of the purified protein was about 40,000^ .^soectivelv The 

The optimum pH and optimum temperature of the present protein were pH 7-8 and 35-50 C respec^vely The 
presenfprotein maintained 80 % or more of the original activity even after thermal treatment at 50 »C for 30 minutes 

Example 2 

Luminous organs from 200 fireflies a uciola cruciata) (purchased from Seibu Department Store) were added to 1 5 
ml buffer A then disrupted with Hiscotoron™ (NITI-ON Medical and Physical Instrument Manufacturing), and centri- 
f uaed at 1 2 000 r p m for 20 minutes to give 1 4 ml supernatant as a crude enzyme 

'1ml crude enzyme solution was precipitated with ammonium su«ate, and the precipitates occurnng between 30 
and 60 % saturation with sulfate ammonium were separated by centrifugation at 1 2,000 rp.m. for 1 0 minutes and then 

'"IhTs'solu't'Ln w^s JuSected to gel filtration through Ultrogel AcA34 (IBF) previously equilibrated with buffer A to 

''^rsTurion'^^^^^^^^^^^ 

FF (Pharmacia Biotech) previously equilibrated with buffer B. and the protein was eluted in a linear gradient of 1-100 

jS'::r^i:^SZ::^e. was d,alyzed against buffer C ,a solution a. pH B.O with ^^^l^l^^^^^^'^^ 
as buffer B). then adsorbed onto an lon-exchange HPLC column (TSK gel Super Q-5PW, available ^osoh Co^ 
poration) previously equilibrated with buffer C, and the protein was eluted in a linear gradient of 1-100 mM NaCl to 

'"%'h?alV;?ac;"n thus obtained could be successfully purified by passing it through a gel filtration HPLC column 
(TSK gel G3000SWXL, available from Tosoh Corporation) previously equilibrated wrth buffer A^ 

The optimum pH and optimum temperature of the present protein were pH 7-8 and ^S-SO C respecjvely. T^^^^ 
present protein maintained 80 % or more of the original activity even after thermal treatment at 50 C for 30 minutes. 

Example 3 

Luminous organs from 300 fireflies fLuciola lateralis) (purchased from Seibu Department Store) were added to 15 
1 ml bunTr A, then disrupted with Hiscotoron™ (NITK3N Medical and Physical Instrument Manufacturing), and centn- 



fuged at 12.000 r p.m, for 20 minutes to give 13 ml supernatant as a crude enzyme. 

This crude enzyme solution could be successfully purified in the same P^°?f ^^^^^^^f ^/.^T "J^^ -r,^ 
The optimum pH and optimum temperature of the present protein were pH 8-9 and 50-70 C '^^P^^^^^^^ 
present protein mLained 80 % or more activity even after thermal treatment at 50 =C for 30 minutes, or 60 % or more 
activity even after thermal treatment at 60 °C for 30 
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Example 4 

The eftect on the lucfenn/lucferase reaction of the protein purified ,n Example 1 was examined 10 ^il of the protein 
ourifLd in Eximp e 1 was added to a rr^ixture of 10 ,1 of 0.5 MQ/ml American firefly luciferase. 40 ^ of 1 mM lucrfenn, 
CionO-rD?ysteine.and 300,1 of an activity rneasurementbuffert^^^ 

sulfate (pH 7 8)). 100 nl of 10 mM ATP was introduced into this solution, and the intensity of the luminescence occurr ng 
was measured at 10-second intervals for 1 minute. The results are shown ,n the table below As the control, 10 , of 
me actl" measurement buffer was used in place of the protein As a result, It was found that the addition of the 
present protein improves the durability of luminescence. 



Time (seconds) 


10 


20 


30 


40 


50 


60 


Protein added (Kcount) 


7 9 


6 5 


6.5 


6 5 


6.0 


60 


Control (Kcount) 


5 1 


3.7 


3.2 


3.0 


3.0 


28 



The same effect could be confirmed as well when the protein purified in Example 2 and 3 was used. 
Measurement Activity Method 

A substrate mixture was prepared by adding 1 ml of 0 01 mM D^ysteine and 0.5 rr.! of 1 mM oxyluciferin to 8.5 
ml of the activity measurement buffer (25 mM glycylglycine plus 5 4 mM magnesium sulfate (pH 7 8) 

10 m of a measurement sample was added to 100 m of the above mixture arid reacted a C for 4 ^ours^J^_s 
reaction solution 1 0 iil was added to 200 til of the activity measurement buffer, followed by introduction of 1 00 ,1 ATP/ 
[ucHa mi O.a^ 0.5 mg/ml luciferase in 1 0 mM ATP), and the luminescence occurnng for 5 seconds was accu- 
mulated. 



Claims 

1. A protein having the ability to regenerate luciferin by acting on oxylucifenn and D<:ysteine. 

2. A protein according to claim 1 , which Is obtainable by purifying an extract from a l^/ing body capable of luminescence 
by a purification procedure comprising chromatography 

3. A protein according to claim 2, wherein the living body is a Coleoptera. 

4. A protein according to claim 2, wherein the living body Is a firefly 

5. A protein according to claim 4, wherein the firefly ,s a North American firefly or a Japanese firefly 

6. A protein according to claim 2, wherein the living body is Luciola cruciata or Luciola lateralis 

7. Aproteln according to any oneof the preceding claims, which has a molecular weight of about 40,000as determined 
by SDS-PAGE. 

8 A protein according to any one of the preceding claims, wherein the optimum pH and optimum temperature at 
which the protein regenerates luciferin are pH 7-8 and 35 to 50°C respectively. 

9 A protein according to any one of claims 1 to 7, wherein the optimum pH and optimum temperature at which the 
protein regenerates luciferin are pH 8-9 and 50 to 70°C respectively 

10. Use of a protein as claimed in any one of the preceding claims in a lucferin/luciferase reaction system 
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